Background: Very few studies have examined the risk of short-term adverse hemorrhage of low-dose aspirin use in primary prevention. This case-crossover study examined the transient effect of low-dose aspirin use on major hemorrhagic risks.
Introduction
Long-term antiplatelet treatment has been estimated to reduce ,25% of non-fatal myocardial infarction, non-fatal stroke, and vascular death [1] . Aspirin is an antiplatelet well-recognized in its use for the secondary prevention of cardiovascular events [1, 2] , though its primary preventive benefit is limited by its adverse hemorrhagic effect [3] [4] [5] [6] [7] . In 2009, the Antithrombotic Trialists' (ATT) Collaboration study comprehensively reviewed and performed a meta-analysis of six primary prevention trials and sixteen secondary prevention trials [1] . The authors concluded that routine use of aspirin as primary prevention in those without previous diseases may be of questionable net benefit in the reduction of occlusive episodes because it increases the risk of major bleeding.
Because a more recent meta-analyses has revealed that aspirin has a chemopreventive effect on cancer incidence and mortality [8, 9] , the question of whether prescribe aspirin should be prescribed as primary prevention agent or not has regained fresh interest [6, 7, 10] . This question may be more important for Asians, since, commented by Morimoto et al., the clinical guidelines of aspirin use in the primary prevention of cardiovascular events in Western countries may not be appropriately applied to Asian populations due to different disease preference in this population [3] .
Recently, De Berardis et al., analyzing a population-based cohort of 4.1 million Italian citizens, reported that low-dose daily aspirin use (#300 mg) significantly increased the risk of both gastrointestinal and cerebral hemorrhages [11] . Although the finding was important, their subjects included those with or without previous hospitalization for cardiovascular events, making it difficult to determine aspirin-associated risk estimates of primary prevention only [2] . Using Taiwan's nationwide population-based insurance claims dataset, we performed a case-crossover study to investigate the impact of short-term (56 days) low-dose aspirin use on major bleeding events. This timeframe should make it possible to elucidate the transient effect of aspirin on the risk of acute events 12, 13] . The use of case-crossover design may provide more reliable data because the same subjects, who are investigated at adjacent time points, serve as their own controls, minimizing the confounding of both known and unknown time-invariant variables between the study patients.
Methods
This study tapped Taiwan's single-payer National Health Insurance (NHI), promulgated by the Taiwan government on March 01 1995 [14, 15] . After 1996, NHI claims data were digitalized and managed by Taiwan's National Health Research Institutes, creating a large medical claims database known as the National Health Insurance Research Database (NHIRD). As of 2007, 22.6 million of Taiwan's 23.0 million citizens were enrolled in Taiwan's NHI program, making the NHIRD one of the largest population-based insurance databases in the world [16] .
Data Sources
This study used a sampling cohort dataset obtained from NHIRD. National Health Research Institutes use a systematic sampling approach to randomly select a representative database of 1,000,000 patients from the year 2000 registry of all NHI enrollees (NHI 2000) [17] . We retrospectively and prospectively followed these patients from January 1, 1997 to December 31, 2008 . This study was approved by Institutional Review Board of Kaohsiung Medical University Hospital. Because the patient identifiers in this national dataset were scrambled to the public for research purpose in Taiwan, the study was exempted from the requirement for written or verbal consents from patients. According to National Health Research Institutes, there are no significant differences in age, sex, or health care costs between the sampled group and all enrollees in NHI 2000 [16] . This dataset gives researchers access to comprehensive demographic data, including gender, date of birth, and income level as well as health care data, including date of admission or discharge, clinical diagnoses (up to five coexisting diagnoses listed on one claims record), medical procedures (up to five diagnostic or therapeutics procedures), expenditures, detailed drug prescriptions, and in-hospital deaths. NHI lists diagnoses using the International Classification of Diseases, Ninth revision, clinical Modification (ICD-9-CM) [18] .
Study Subjects
This case-crossover study recruited patients aged 30-95 years old in 2000 as potential study subjects (Figure 1 ). We excluded patients who had a previous claims record listing major cardiovascular or gastrointestinal problems as primary diagnosis as well as patients hospitalized with the primary diagnosis of cancer (ICD-9-CM codes 140.xx-208.xx), acute myocardial infarction (AMI) (ICD-9-CM codes 410, 36 We prospectively followed the remaining relatively healthy patients starting in January 1 2000 until first primary diagnosis of AMI, ischemic stroke, major gastrointestinal hemorrhage, or cerebral hemorrhage during a hospital stay or death from other causes, withdrawal from the NHI program for unknown reasons, or the end of study period (December 31 2008). From those first diagnosed with major hemorrhagic complication, we excluded patients who were prescribed aspirin dosages .300 mg/day on any day during the study time period window (1-112 days before the date of that diagnosis), leaving us with only those prescribed low-dose aspirin (Figure 1 ).
Data Collection of Study Subject Characteristics (Timeinvariant Variables)
This study collected data on patient age, gender, income, place of insurance registry (Northern, Central, Southern, or Eastern), and urbanization level (rural area, satellite city, or urban). Diabetes (ICD-9-CM code 250) or hypertension (ICD-9-CM codes 401-405) was defined in a patient if he or she was diagnosed for the diseases in at least two outpatient claims or in one inpatient claim a year before the major hemorrhagic complication was first diagnosed. General health status was assessed by the Charlson comorbidity index, which is the sum of the weighted score of 17 comorbid conditions and is widely used to control confounding in epidemiological studies (Table S1 ) [19] .
Validation of Outcome and Exposure Variables
The database we tapped has been widely used for clinical epidemiological studies, and its disease diagnoses, drug prescription, and hospitalization data is reported to be of high quality by many studies [14, [20] [21] [22] [23] . For example, 97.9% of patients with coded ischemic stroke in NHIRD were confirmed by radiological examination and clinical presentation [14] . In addition, the accuracy the record for aspirin prescribed was high in both first post-discharge visits (positive predictive value, PPV = 0.94) and during hospitalization (PPV = 0.88). For covariates, one previous study showed the claims dataset to have a high diagnostic accuracy of diabetes with sensitivity of 93.2% and PPV of 92.3% [20, 22] .
Case-Crossover Design
In a case-crossover design, each eligible study patient serves as his or her own control. The exposure of interest was low-dose aspirin (Anatomical Therapeutic Chemical code B01AC06). We estimated the odds ratio (OR) as ratio of patients exposed during the 56-day case period only (almost two months), defined as 1-56 days before the first diagnosis of major hemorrhagic complication, to the same patients exposed during the same 56-day control period only, defined as 57-112 days before first diagnosis of major hemorrhagic complication. The advantage of this case-crossover design approach is that the transient exposure effect on acute outcome can be examined without between-patient confounders, such as smoking, etc [12, 13, 15] .
Potential Time-variant Confounding Variables
To control for confounding variables, drugs that could potentially and significantly accelerate or reduce bleeding tendency and changes in their prescriptions over time were included in the model. These drugs were anticoagulants, antilipemic agents such as statin, nonsteroidal anti-inflammatory agents (NSAID), proton-pump inhibitors (PPI), antidepressants such as tricyclic antidepressants, selective serotonin reuptake inhibitors, monoamine oxidase inhibitors, or other antidepressants, and corticosteroid, all of which have been considered by a previous study [11] . Besides those aforementioned drugs, we also treated antihypertensive agents, including angiotensin converting enzyme inhibitors, angiotensin receptor blockers, a-blockers, b-blockers, calcium channel blockers, diuretics, central a 2 agonist, and vasodilators, as another time-variant variable. Exposure to these drugs was defined as having a prescription of one of them at least one day during the case period (56 days before first diagnosis of major hemorrhagic complication) or control period (57-112 days before first diagnosis of major hemorrhagic complication). In addition, the number of outpatient visits during these two time periods was counted.
Statistical Analyses
For the case-crossover analyses, we first used McNemar test to investigate the significance of aspirin use between case and control period, and conditional logistic regression to estimate the odds ratio (OR) and its 95% confident interval (CI) of gastrointestinal or cerebral hemorrhage or both. Then, subgroup analyses were performed by stratifying the different time-invariant and timevariant characteristics of the patients, including age, gender, place of insurance registry, urbanization, year and season of index date and other medical conditions diseases such as Charlson comorbidity index, hypertension, and diabetes as well as the presence of other confounding drugs during the study time window.
Conditional logistic regressions were performed to explore the effect of aspirin use on hemorrhagic events after adjusting for the time-variant confounding factors which were significant in the univariate analysis listed in Table 1 and were considered by the previous study [11] , in total and in different subgroup analyses of time-invariant variables. We treated hypertension either the timeinvariant variable (history of hypertension) or the time-variant variable (anti-hypertensive agents) in the regression models and found the effect of low-dose aspirin did not change dramatically. Thus, in the rest of the analyses, we treated hypertension as the time-invariant variable. We also categorized the study patients by history of hypertension and diabetes to examine the magnitude of low-dose aspirin risk.
In addition to our analysis of a 56-day case period, we also computed odds ratios for different case periods, including 28-, 84-, 112-, 140-, 168-, 252-, and 336-day durations (4-, 12-, 16-, 20-, 24-, 36-, and 48-week durations, respectively) to test the robustness of the results. This kind of analysis was also applied to different sites of hemorrhagic complications. All statistical operations were performed using SAS 9.2 statistical software; two-sided P value , 0.05 was considered significant.
Results
A total of 10,985 cohort patients were hospitalized for a primary diagnosis of incident hemorrhagic complication between 2000 and 2008 ( Figure 1) . We excluded 80 patients who were prescribed aspirin .300 mg on any one day during the study period (1 to112-days before index date). The remaining 10,905 (3,781 with cerebral hemorrhages and 7,124 with gastrointestinal hemorrhages) were included in our final analysis ( Table 1 ). The mean (standard deviation, SD) age of these patients was 62.2 (15.1) years. The hemorrhagic event most often occurred in men (63.9%), urban areas (69.1%), patients with a history of hypertension (53.0%), and diabetes-free patients (78.2%).The uses of antihypertensive agents in the case period and control period were 12.5% (n = 1,361) and 6.8% (n = 743), respectively. The mean number (SD) of outpatient visits was 4.72 (4.48) during the 1 to 56- day case period and 8.44 (7.86) in the 57 to 112-day control period (P,0.0001) ( Table 1) . Of the 10,905 patients, 489 (4.5%) had used low-dose aspirin during the 56-day case only period and 294 (2.7%) during the control only period (Table 2) . User rates of aspirin were 12.8% (n = 1,393) in the 1 to 56-day case period and 11.0% (n = 1,198) in the 57-to 112-day control period. A total of 1,687 patients used aspirin over the two 56-day periods (1-to 112-day); in this group, the daily averaged 6 SD dosage of aspirin was 54.4634.2 mg/day (median dosage, 55.4 mg/day; interquartile range (IQR), 25.0-83.0 mg/day). Only 99 study patients were, on average, prescribed more than 100 mg per day in this 1-112-day time window, the maximum average prescribed dose being 213.4 mg/ day.
After adjusting for other time-variant medication variables and number of outpatient visits, we found that low-dose aspirin use conferred a 1.33-fold risk (95% CI = 1.13-1.55, P,0.0001) of major hemorrhage during the case period, compared to the control period. Even after excluding the 99 study patients whose averaged daily dosage was .100 mg/day, the result remained similar, with an adjusted odds ratio (AOR) of 1.36 (95% CI = 1.17-1.61, P,0.0001). Replacing history of hypertension by anti-hypertensive agents and adjusting this time-variant variable in the regression model, we found that low-dose aspirin use conferred a 1.18-fold risk (95% CI = 1.004-1.39, P = 0.0443) of major hemorrhage during the case period, compared to the control period. Similar and significantly increased risks related to low-dose aspirin use were also found in almost all other subcategories of the time-invariant variables, including age, gender, urbanization level, hypertension, diabetes, Charlson index score, and year of event (Table 2) . Because most patients were not prescribed other study drugs, the significant risks of low-dose aspirin use on bleeding events were consistently present in nonuser groups ( Table 2 ).
The AOR risk of bleeding events associated with aspirin use was 1.35 (95% CI = 1.10-1.65, P = 0.0029) in gastrointestinal hemorrhage and 1.28 (95% CI = 0.99-1.66, P = 0.0623) in cerebral hemorrhage (Table 2 ). Figure 2 shows increased risks range from 1.21-to 1.88-fold when further categorized by diabetes and hypertension. This association reached significance in the subgroup of subjects without a history of having both diabetes and hypertension (AOR = 1.88, 95% CI = 1.21-2.91, P = 0.0047). When categorized by anti-hypertensive agents (time-variant variable), the hemorrhagic risk was similar in subjects with (n = 5,014) and without (n = 5,891) the prescription of antihypertensive agents in the observational period (AOR = 1.32, 95% CI = 1.11-1.56, P = 0.0017 for subjects with use of antihypertensive agents; AOR = 1.42, 95% CI = 0.96-2.10, P = 0.0766 for subjects without use of antihypertensive agents).
As can be seen in Table 3 , we analyzed our data using different case and control time windows, with one window being as long as almost a year. We found that exposure to aspirin had a similar and significant effect on hemorrhagic events during all time windows, except for the 28-day time window (Table 3) . The results were consistently significant in those with gastrointestinal hemorrhages (Table S2) .
Discussion
In this case-crossover study using a nationwide representative sampling cohort, we found that short-time low-dose aspirin use increased the risk of major bleeding events among relatively healthy patients. Its adverse health effect was found to be particularly prominent in gastrointestinal hemorrhages and was consistently present when it was prescribed for two months or more. While increased risk was found in patients with and without diabetes as well as patients with and without hypertension, the risk was found to be higher in patients without these diseases. The case-crossover design of the study eliminated confounding by between-subject time-invariant factors and reduced the likelihood of ''reverse causation'' often associated with retrospective cohort designs [12, 13] . In addition, the robustness of these results was confirmed by analyzing the data using different time windows up to a year.
The 33% increased risk we found was slightly lower than that reported by De Berardis et al., who reported a ,55% increased risk [11] . This difference was probably due to the difference in study designs. Their controls may not have received aspirin, making it possible that they were healthier than the cases with whom they were matched. This might have led to an overestimation of the risk. In the current case-crossover study, the same patient was followed over two-adjacent time periods, a case period and control period. Thus, differences in the health status of our subjects were not so much an issue.
This study found the increased risk of major bleeding to be similar for patients with and without diabetes (31% vs. 33% increase, respectively). This finding was slightly different from De Berardis et al., who reported a large and significant increase in such risk in patients who did not have diabetes but only small and insignificant increase in patients with diabetes (66% vs. 9% increase, respectively), again probably due to different study designs [11] . De Berardis et al. also included case patients with previous hospitalization for cardiovascular events. We found increased risk of bleeding in both non-hypertensive (93%) and hypertensive subjects (23%). Together, our findings raise concern regarding the use of low-dose aspirin for primary prevention of cardiovascular diseases in the Taiwanese population with diabetes or hypertension.
In the subgroup analyses of time-variant variables, we found that the hemorrhagic risk was slightly higher in the non-user group of NSAID (AOR = 1.50) than in the user group of NSAID (AOR = 1.20), suggesting whether use of NSAID in the observational period can modify the effect of low-dose aspirin use on the hemorrhagic event ( Table 2 ). The similar findings were also noted in the groups of PPI use.
There is a wide reported variation in response to antiplatelet treatment in different ethnic groups (0.4 to 35%) [24] [25] [26] . While a high response to aspirin might represent good prognosis in patients undergoing antiplatelet treatment, it may also point to greater risk of bleeding events in the same patients [3, 24] . In Japan, Morimoto et al., using existing published data on the rates of coronary heart disease, hemorrhagic stroke, and major gastrointestinal bleeding from the Japanese population, found that the benefit of aspirin use only outweighed risk in subjects older than 40 years who had both diabetes and hypertension [3] . Although we did not estimate riskand-benefit ratio, we found increased risk of aspirin-associated bleeding in subjects with and without diabetes or hypertension, with the most significant risk found in those who did not have these diseases (Figure 2) .
The mechanisms underlying the first occurrence of occlusive vascular diseases and recurrence may be different, suggesting that the benefit of aspirin in the secondary prevention of vascular diseases may not be extrapolated to its use in primary prevention. Aspirin is a non-selective cyclo-oxygenase inhibitor; its half-life is approximately 6 hours in plasma. Although the half-life of aspirin is short, to generate the health effect from reducing the synthesis of prostaglandins in the vascular wall resulting in constricting the vessel wall and enhancing platelet adhesion to the vessel wall in healthy people takes much longer than the original exposure halflife of aspirin. The present study in Table 3 shows that hemorrhagic events significantly increase after 56-day time window of aspirin use, but not before 28-day time window, suggesting the health adverse effect of low-dose aspirin use needs to take action longer than the exposure half-life of aspirin in humans. The advocacy of low-dose aspirin use for primary prevention has regained some momentum because it has recently been reported to protect against the development of some forms of cancer [9, 27, 28] . One recent comprehensive meta-analysis analyzed the time course of risks and benefits of aspirin use in 51 randomized controlled trials [9] , including six clinical trial studies of the daily use of aspirin as primary prevention [29] [30] [31] [32] [33] [34] . That study found major extracranial bleeding significantly to increase 1.95-fold (95% CI = 1.47-2.59) during the first three years of aspirin use, though major vascular events decreased 0.82-fold (95% CI = 0.72-0.90). They also reported that it took three years until aspirin's protection against cancer would be evident (aspirin group vs. control, OR = 0.70, 95% CI = 0.67-0.98). These two findings suggest that subjects may need to avoid the risk of major bleeding complications during the first three years of aspirin use to enjoy the benefit of cancer prevention. That study, however, only addressed low-dose aspirin associated extracranial bleeding [9] , not intracranial hemorrhages, which is more common among Asians. That meta-analysis did not include some other primary prevention clinical trials, such as the Women's Health Study and Physicians' Health Study, which studied alternate-day aspirin use [35, 36] .
When attempting to prevent cardiovascular disease, physicians may need to be reminded that treatment with antiplatelets, including low-dose aspirin, is not the sole choice for primary prevention of cardiovascular diseases. Many other alternative preventive strategies of lifestyle changes such as regular exercise, weight loss, saturated-fat diet control, smoking cessation and sugar restriction can be used first in primary prevention to avoid unintentional harm by antiplatelet agents [37] [38] [39] [40] .
This study has several limitations. One limitation is that our study findings could be influenced by time-variant variables [15] , for example, abrupt emotional distress, though this confounding can be reduced in part by controlling for antidepressants. However, if the time-variant variables were caffeine-containing medicines, sexual activity, and physical exercise, etc. which could independently trigger intracranial hemorrhages and were not available in our study [40] , the confounding bias was still likely. Another limitation is that aspirin exposure was based on prescription information only, and thus we cannot know whether the study patients actually took the drug as prescribed. This bias is likely to cause random misclassification of exposure and underestimates of our findings. Similarly, aspirin can be purchased easily over-the-counter, though such purchases are reduced by a national insurance system that allows patients to see almost any physician they want and covers most drug prescriptions, including aspirin. Another limitation is that we did not take into account several important lifestyle risk factors of major bleeding such as obesity, cigarette smoking, or alcohol drinking because that data was not available in this study cohort [17] . However, because this is a casecrossover study, this bias was likely to be trivial. By contrast, our study design cannot completely eliminate the bias of confounding by indication, if patients with cardiovascular risk factors prescribed low-dose aspirin had also commonly to have higher bleeding tendency in intracranial site. Again, we expect this bias is minimial, because the indication for low-dose aspirine use should not vary dramatically in a short observed period (around 4 months). Still another limitation is that we studied a population largely consisting of people Han Chinese descent, so our results may not generalized non-Asians.
In conclusion, this study shows that low-dose aspirin use increased acute major bleeding events, particularly gastrointestinal bleeding. While this increased risk was found in both diabetes and non-diabetes patients as well as both hypertension and nonhypertension patients, it was more prominent among patients without diabetes and hypertension. Further large prospective studies are warranted to investigate the risks and benefits of lowdose aspirin use in primary prevention to help physicians make appropriate recommendations for patients without previous history of cardiovascular or cerebrovascular diseases. 
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